MAY. 23. 2007 11:00AM DU PONT LEGAL BMP BLOG-25 R1375 



NO. 7523 P. 5 



® 




Europaifiches Patentamt 
European Patent Office 
Office europtfen dec brevets 



® 



(22) Publication number: 
EUROPEAN PATENT APPLICATION 



0 641 598 A2 



Application number: 94113719.2 
® Data o( filing: 01.08.94 



® Int. CI.": B01J 23^6, B01J 27/12, 
CQ7C 17/20 



® Priority: b7.og.d3 JP 


® Applicant: SHOWA DENKO KABUSHIKI 




KAISHA 


® Date of publication of application: 


13-9r Shiba Dalmon 1-chom$ 


06,03.95 DUiletln 95/ 1 0 


IV]lriata-KlJ| 1 OKyD v^*^^ 


@ Designated Contracting States: 


(2) Inventor: Tsujl, K^t^uyuki, c/o Ghowa Denko 


BE DE Ed FR 013 GR IT NL PT 






Kagdhiihin Kenkyujoi 




B-1, Ogi-oho 




ICawafiakl-ku, 




KawasakKshl, 




Kanagawa (JP) 




Inventor: NaKajo, Tetauo, c/o Showa Danko 








Kagahuhin Kenkyujo, 




5-1, Ogl-oho 




Kawasakl-ku, 




Kawasaki-ship 




Kanagawa (JP) 




® Representative: Strebl $chUbel-Hopf Groening 




& Partner 




Maximillanstrasse 54 




D-8053B MUnchen (DE) 



(a) Chromium-based fiuorlnation catalyst, process for producing the catalyst, ancJ fluorination process 
. Msing Ihe catalyst 



@ A halogenated hydrocarbon having 1 to 4 carbon atoms is brought into contact with hydrogen fluoride in a 
^ gaseous phase In the presence of a catalyst prepareci by firing a substance composed mainly of chromium(III) 

hydroxide in the presence of hydrogen' at a temperature of 350 to SOO * C or a catalyst prepared by heat-treating 
^ the above substance lo an inert gas stream at a temperature of 100 to 600 * C and then firing tha heact-^reated 
0> compound in the presence of hydrogen at the above temperature or any one of catalysts prepared by partially 
If) fluorinating the above catalysts. 

CD 
O 

a. 
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BACKGROUND OF THE rNVENT»ON 
1 . Field of the Invention 

5 The present invention relates to a process for producing a chrommm-based fluorlrtation cataiyst, the 
obtained fluorinatfon catalyst or catalyst precursor and a fluorlnetlon process and more particuisdy to a 
process for producing a chromium -based fluorination catalyst which can be used in the production of a 
halogenated hydrocarbon by a fluorinafion reaction of a halogenated hydrocarbon having 1 to 4 carbon 
atoms in a gaseous phase, .the obtained fluorinalloh catalyst and a process for fluoi'lnating a halogenated 

io hydrocarbon U8ir>g eatd catalyat Especially, the presant invention aims to pro^^de a proceaa for producing a 
catalyst which can exhibit high activity and selactivity and is useful tor the produciion of hydrdfluorocarbons* 
(abbreviated to "HFC") and hydrothlorofluorocarbons (abbreviated to "HCFC") which. In recent years, have 
been mass-produced as alternative flons. 

75 2- Description of tJi© delated Art 

The process for producing a haiogenaied hydrocarbon containing fluorine from a halogeriated hydrocar- 
bon having 1 to 4 carbon atoms and hydrogen fluoride is roughly classified Into a gaseous phase process 
and a Hfjufd -phase process. In recent years, a problem of the degradgflion of ozonosphere by 

20 chtarofluonocarbons (abbreviated to "^CFC") having in their molecules a chlorine atom(s) has become 
brought to th© fore, and HCFC having hydrogen In jts molecule and HFC not having ehiorlne In its molecule 
have been proposed as alternatives for CFC (hereinafter referred to as "akematrve flons''), and some of 
thehn have been already rrt ass-produced. A gaseous phase process Is A particularly promising process for . 
the production of tt>ese alternative flons. In the gi^eous phase process, the selection of the C9taly^ Is 

20 Important, and various catalysts hav^ be^n proposed for this purpose up to now. 

In palehts, various metals such as Cu. Ag, Na^ Cd, OA, Zn» Hg, V, Sb. Mn, Fe, Ni, Co and Pt. for 
example, In the form of halid^ supported on activated carbon, are described to be useful as the catalyst- 
(see U.S. Patent No. 2005707). In many cases, however, a catalyst composed mainly of an oxide, fluoride 
or oxyfluoride of chromiumi or a halide of aluminum, iron or other metals is generally used. Especially, it ts 

so mcfst' common to use a catalyst comprising a chromium oscide. and many production methods and 
compositions have hitherto been proposed for the chromium oxide catalyst. ■ 

Japanese B^amined Patent Publication (Kokoku) IMo. 39-10310 proposes a Cr203 cataly^ produced by 
fmprenaling alumina with chromlc(V|) acid, drying the impregnated alumina and subjecting the dried - 
impiBgnating Cr (y\) to reduction with hydrogen. Japanese Beaming Patent Publication (Kokoku) No: 41- 

as 203 describes that a- black chromium OKlds having an atomic ratio pf O to Cr in the range of from 1.5 td 3 
produced by repeating several times firing ^n an oxygen atmosphere and firing in a hydrogen atmosphere 
and finally carrying out firing in an oxygen atmosphere has a high activity. Further, Japahese Examined 
Patent Publication No. 42-3004 discloses a CrzOj catafyst produced by firing hydnaus chromium oxide, 
which ha^ b&en prepared from a chromlum(ni) salt solution by the precipitatlan process, in an atmosphere 

•40 comprising water vapor and an inert gas at 300 to 400 r C. * * • 

• In recent ' years, Japanese Unexamined Patent Publication (Kokai) No. 5-1 46*680 describes that a 
. catalyst prepared In the same manner as described in. Japanese Bcamlned Patent Publication (Kokoku) No. 

42-3004, that te. a chromium oxide having a spst;ific surface area of not less than 170 m^;^ prepared by 
firing a chromium hydroxide, which has beeri prepared by the precipitation process, in a gas stream at 
4S 380 to 460 has a high activity. 

• The present inventors have already found that the selection of *iaat. treatment conditions is important at ; 
the time of regeneration of a Gr«based fluorination catalyst Specifically, as described in Japanese 
Unexamined Patent Publication (Kokal) No. S-92141, the activity of the catalyst can be>estor©d sufficiently 
without scattering of Cr l>y heat-treating the catalyst first with an oiddlzing gas, such as O2. and then with a 

50 reducing gas, such as H2. ' 

However, when HCFC and HFC each containing in its molecule a hydrogen atom, which hav© been 
proposed as alternative flons. are produced by reacting a halogenated hydrocarbon with hydrogen fluoride, 
the reaction does not proceed smoothly In many cases as compared with the reaction In the production of . 
the conventional CFC. In this case, in Order to attain a satisfactory yield using the oonventronal chromium- 

66 based fluorination catalyst, the reaction should be canled out at a high temperatui^ of 350 or. above. 
Further, in the production of a halogenated hydrocarbon having hydnogsn tn Ks molecule, the deposition of 
carbon on the catalyst is so significant that a deterioration in catalytic activity Is likely to be accelerated (see 
Japanese Bcamined Patent Publication (Kokai) No. 1-262946). 
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Since tiie rate ot deterioration In catalytic activity Irrcrcasss with increasing the reaction temperature, a 
reaction at a low temperature using a catalyst having a high activity contributes to thermal energy saving 
and, at the same time, significantly benefits the catalyst life. For thi$ reason, in order to produce HCFC and 
HFC with a high efficiency, there are demands for catalysts auperjor to the conventlonat fluorination cataly&l 
ff In catalytic activity and life. 

An object Of the pneeent invention is to provide a process for producing e chromium-ba$ed fluorination 
catalyst useful iot the production of HCFC and HFC and a process for producing a hafogenated 
hydrocarbon having In Its molecule a hydnogen atom{s) and a fluorine atom(5) vvrth a high efficiency by 
fluorina^ng a halogenated hydrocarbon having 1 tg 4 cartson atoms in a gaseous phase using said catalyst 

TO 

• DISCLOSURE OF THE INVENTION 

The present' inventors have made extensive and inteneive studies with a view to solving the above- 
described problems and, as a result, have clarified that as with the regeneration of the catalyst, heat 
ts treatment conditions at the time of preparation of the catalyst has- a terge Influence on the catalyst 
performance and found that a chromlum-base5 fluorination catalyst produced, by firing or heating a 
' substance, composed mainly of chromium(in) hydroxide In the prepenoe of hydrogen at* a temperature of 
350 to 5o6 * C to prepare a precursor of a catalyst and partially fluorinatlng the precursor of the catalyst In a 
stream of a gas containing hydrogen fluoride, for example, is superior to, the conventional fluorination 
2Q catalyst in selectivity as well as in activity, which lias led to the completion of the present invention. 

The firesent invention relates to a process for producing a chromium-based fluorination catalyst, 
characterized by comprising tho step of firing (i.e., heating) a substance composed mainly of a chrormom' 
(HI) hydroxide in the presence of hydrogen at a temperature ot 350 to 500 " C. 

The present Invention also relates to a process for producing a chromium-based fluorination catalyst, 
ss characterized by comprising the steps of heat-treatfng a substance composed mainly of chromium(III) 
hydroxide in an Inert gas stream* at a temperature of 100 to 600 •C and then firing, the heat-treated 
substance in the presence of hydrogen at a temperature of 350 to 500 ' C. 

The present Invention further relates to a process for produdiig a chromium-based fluorination catalyst 
as above, char;3cteriz8d in that said substance is partially fluorinated after the frring in the presence of 
30 hydrogen. 

Th© present invention further relates to a process for producing a chromium-based fluorination catalyst 
as above, characterized' In that after the firing in the presence of hydrogen, sapd substance Is partially 
ffuorinated in a gas stream containing hydrogen fluoride at a temperature of 300 to 500 ' 0. 

The present Invention further relates to a process for producing a chn^mium-tjased fluorination "catalyst 
ss as above, characterized In that the substance t:omposed mafniy of chromlum(lll) hydroxide contains at least 
one element selected from the &roup consisting of cobalt nickel, copper, sih/er, zinc, cadmium, mercury, 
aluminum, gallium, tin and lead. 

The thus obtained catalyst or catalyst precursor can be defined by tha< the X ray diffraction exhibits 
diffraction peaks characteristic or similar to that of crystalline Cr203, said dlfiraction peaks having a half 
40 maximum peak width 1.2 times or more the half maximum peak with of a material obtained by firing a 
'substance mainly composed a chromium (III) hydroxide in a presence of oxygen at 4O0'C for 2 liours or 
more. 

Specifically, one of the.thus obtained catalysts on catalyst precursors can be defined by that the X-ray 
diffraction exhibits diffraction peaks characteristic to crystalline Qr203, eald diffraction peaks inducing a 
49 peak appearing at a spacing of lattice planes in a range of 2B5 to 2.69, said pesdc having a half maximum 
peak width of Q.8 degree or nnore. 

The present invention also relates to a process for fluorinating a halogenated hydrocarbon, character* 
ized by comprising the step of bringing a halogenated hydrocarbon having 1 to 4 carbon atoms into contact 
with hydrogen fluoride in a gaseous phase in the presence of a fluorination catalyst as above. 
$0 The present invention further relates to a process for fluorinating a halogenated hydrocarbon as above, 
characterized In that said halogenated hydrocarbon is a hydrogen-containing halogenated hydrocartx)n- 

BRIEF DESCFIIPTION OF DRAWINGS 

65 Fig. 1 is an XRD pattern of the catalyst precursor prepared in Catalyst Preparation Example 1. 

Fig. 2 Is an XRD pattern of the catalyst precursor prepared In Comparative Catalyst Preparation 
example 1. 

Fig. 3 is an XRD pattern of the catalyst precursor prepared in Catalyst Preparation Example 3. 
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Fig. 4 Is an XRD pattern of the catalyst precursor prepared In Comparative Catalyst Preparation 
Example 2. 

DETAILED DESCRIPTION OF THE INVENTION 

s 

In the presenff invention, the chromlumflll) hydroxide Is a compound which is represented, for exannple. 
by the chemical formula CrzOs-nhfeO and can be prepared from a Cr(lll) salt by the precipitation or other 
process. The n value is usually in the range of from 2 to 4. Suitable examples erf the Cr(ill) salt Include a 
nitrate, a chloride and a sulfaie. 
10 Among them, a nitrate is particularly preferred. The. chromium hydroxide by the precipitation proceed 
can be prepared by mixing, an aqueous Cr{riO salt solution with an aqueous alkali solution to form a 
precipitatB which ie then collected by filtretJon, washed and dried. 

When the catalyst is desirably in the form of a moldrng. the catalyst may be pellelized after drying or 
extruded before drying to prepare a molding, 
re The drying temperature is preferably in the range of from 80 to 130* C, particularly preferably In the 
range of from 90 to 120 -C. In this Case, the n value is In the range of from 2.5 to, 3.5. When drying is 
corned out in an Inert gas atmosphere, the drying temperature may be higher, l-lowever, when pelletlzing is 
carried out, the drying temperature is preferably 150* C or below. 

The alkali may be any one so far as it is produced on a commercial scale. Preferred alkalis include 
20 ammonia, sodium hydroxide, sodium carbonate, sodium hydrogencartonate, potassium hydroxide, potas- 
sium carbonate, potassium hydrogencartionete, ammonium carbonate and ammonium hydrOgoncarbonate. 
Among them. amri>onia is particularly preferred. A particularly prefen-ed method of mixing the aqueous Cr 
salt solirtioh with the aqueous alkali solution is to simuttaheously or alternately add these aqueous solutions 
dropwise so as to. keep.the pH of the reaction mixture wittiin 6.9 to 8. 
as Before the substance composed msOnly off the chromium(lil) hydroxide is fired in the presence of Hz. ft 
may be previously heat-treated at a temperature of 600 -C or below If in an Inert gas. Such a heat treatment 
gives rise to a dehydration reacrfion or a decomposition reaction of the residual, salt, so that the chromium 
hydroxide is expected to approach a compound represented by the compositional formula CrjOa. ' 

In an atmosphere containing O^, the heat treatment cannot be carried out at a temperature of 300 ' C or 
so above (the expression "atmosphere containing Oz" used herein being intended to mean an. atmosphere 
• ' containing O2 iri an amount Of not less than 1DO0 Pa In temns of absolute pressure and typically air). Thls is 
• because the exposure of chromium hydroxide to a high temperature of 350 ■ C or raorfe In an. atmosphere 
. containing Qa causes 'the .chromium hydroxide to be converted to Cr;»Oa having a small epecifiQ surface' 
area, arid the small specific surface area, once reduced, cannot be easily recovered. 
35 • A high specific surface area is a requirement for a catalyst having a high- activity, and the fluorlnation in 
the later steg* causes a further lowering in the specific surface area, and therefore the use of the above 
precursor having a small specific surface area is disadvantageous. It is desired that the catalyst precursor 
prior to the fluorlnation has a' specific surface area of 150 m^/g or more, more preferably 180 rrfl/g 6r more. 
J For' this reason, it is preferred to use a chromium hydroxide which has not been exposed to an 
. 40 containing atmosphere, or has been exposed to an 02-oontalning atmosphere at a temperature of 200 • C or 
bebw, preferably 150 * C or below. 

Even In the case of a precursor, which has been once fired in H2, firing of the precursor In an Qz- 
containing atmosphere gives tise to* problems such as a lowering in specific suTface area and partial 
formation of Cr(VI) which is scattered during fluorination. For this reason, the firirig in an 02-contalning 
45 atmosphere in the final stage, such as is described In Japanese Examined Patent Publicatfori (Kbkoku) No. * 
shoukJ be avoided. . • * 

Preferred firing methods include (J) a method which comprises raising the temperature of a dried 
substance composed m^nJy 0I a chromium hydroxide to a temperature of 350 to 500 ■ C in a gas strsam 
containing hydrogen and, at that temperature, firing the substance for a predetermined period of time and © 
fid a method which comprises first heat-treating a dried substance composed mainly of chromlum(lll) 
hydroxide In an Inert gas stream ai a temperature of. 100 to eoO'-C and then ffring the heat-treated * 
substance In a gas stream containing hydrogen at a temperature of 350 to 500 - C for a predetermined 
period of time. 

The substance composed mainly of chromium hydroxide rnay contain a metal other than Cr, particulariy 
ss at least one element selected from the group consisting of the eiements in the groups a. 9, 10, 11, 12, 13 
and 14 of the ujng Periodic Table (new JUPAC rules of nomenclature), vvhich elements are es^ected to - 
sen^e as a copromoter. Typically, these metals would be present in the form of metal hydrrocides and/or 
sails. Therefore, the substance composed mainly of chromium hydroxide mey be a mixed hydroxide of 
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chromium and Other ni©tal(s), a mixture of chromium ancf oth^r metal hydroxides, or a mixture of chromium 
hydroxide and other metal hydroxIdesCs) and/or saltCs). Among others, Co, Nl, Cu, Ag, Zn, Cd, Hg, Al. Ga, 
Sn. Pb and the Kke are expected to have the afreet of accelerafing the activity and prolonging the catalyst 
life when they are contained in an amount in the range of from 0.001 to 0.5, preferably In the range of from 

5 0.003 tg 0^. particularly preferably in the range of from D.003 to 0.2, In terms of the atomic ratio to Cr. 

The addition of the above element can be easily achieved by a method in which a salt of the intended 
element fs added to an aqueous Cr aalt aolution rn a predetermined amount during preparing a chromium 
hydroxide by the precipitation process, by a method In which a chromium hydroxide Is impregnated with an 
aqueous solution of a salt of the intended element, or by other methods. 

TD The substance as descril^ed above Is fired in the presence of H2 to prepare a precursor of a catalyst. 
As described in Japanese Examined Patent Publication (Kol<oi<ii) No. 42-^004 and Japanese Unexamined 
Patent Publication (K6i<ai) No* 5-146680, a stream of an inert gas, such as Nz» has hitherto been considered 
Builable to an atmosphere for firing in a proceas far produoing a 'fluorination catafysL 

Nevertheless, according to the present invention, fifing in the presence of Hz can provide a catalyst 

IS having a higher activity. 

When the firing temperature is excessively low, no effect can be attained, vf\v\e vthen it is excessively 
high, there bccur problems such as - a Ipwenng in specific surface area. For this reason, the firing 
temperature is suitably In the range of from 3bo to 500 -C, preferably in the range of from 370 to 460 *C, 
particularly preferably in the range of from 370 to 450 *C. 

20 The concentration of H2 in the firing gas may be in the rango of from 0.1 to 100% by volume. If 
necessary, it is also possible for not more than 20% by volume of water to coexist in the gas> and 0,3 to 
10% by volume of water vapor may coexist in H2* The presence of Oz in the gas causes a safety problem, 
so that the O2 concentration should be limited to not more than 0.1% by volume. The gas flow rate Is 
suitabjy in the range of from 10 to 10000 h"^ in temis of QHSV (after conversion to a standard condition 

25 basis), and the pressure may rang© from atmospheric pressure to i0 kg/m^G from the viewpoint of 
operation convenience. The firing is canried out under the above condftions for at least 30 min, preferably 1 
io 10 hr, tiieneby preparing a precursor of a catalyst 

The precursor, as such, nr\ay be used in the reaction. IHowever, it Is preferred that the precursor be 
subjected to e fluorination treatment prior to use in the reaction. The fluorination may be conveniently 

30 carried out in a gaseous phase. In this case, the precursor may be treated In the presence Of a gas having 
a capability of fluorinating the precursor, such as HF. or a hydrocarbon having F in Us molecule. 
. Proper treating conditions, such as temperature, pressure and treatment time, for attaining art intended 
• fluorine content should be selected depending upon the fluorination capability of the gas used. 

The fluorination is preferably carried out in a gas stream containing HF. The treatment temperature is 

35 preferably in the range of from 300 to 500 *C, parficularly preferably in the range of from 300 to 450' 0. 
* The HF concentratipn may be in the range of from 1 to 100% by volume. Generation of excessive heat 
durihg the trejatment has an adverse effect such as a remarkable lowering in speOific surface area. In order 
to prevent this' unfavorable phenomena, it Is prefenred to dilute, if neoessary, HF with an inert gas. such as 
N2, so tliat tf>e maximum temperature increase (hereinafter refen^ed to as "AT") derived from generation of 

40 heat Is not more than 50 • C. . 

The gas flow rate is suitably In the range of from 10 to 10000 h'"'' In terms of QHSV. The pressure may 
range from atmospheric pressure to 20 kg/cm^G. It is preferred for the used HF to have as tow a water 
content as possible. The water content In HF used is preferably not higher than ISO ppm by weight, still' 
preferabty not higher than 100 ppm by weight. 

45 One example of a still preferred method of fluorinating a precursor of a catalyst will now be described. 
Hr and N2 are supplied In such a manr>er that the HF concentration is in the range of from 5 to 30% by 
volume at 300 to 350 ' O under atmospheric pressure and fluorination is initiated. After the hot spot Is 
passed through the packed bed of the precursor, the HF concentration is Increased gradually to 90% by 
volume or higher with caution so as not to cause generation of excessive heat Subsequently, the pressure 

60 is increased, and tfie treatment is carried out under a pressure of 2 to 10 kg/cm^Q until tfie heal is not 
generated any more. 

The heat treatment in an inert gas, the firing in the pre^nce of Ha and the fluorination treaiment may 
be carried in an identical reaction vessef so far as the reaction vessel is made of Inconel or Hastelloy. This 
is convenient for the operation. 
.55 The HF treatment causes the precursor of a catalyst to be partially fluorinated to form a compound or 
substance with F atom being included therein. The catalyst should contain O besides F. The comant of O Is 
preferably in the range of from 3 to 26% by weight and the content of F preferably be In the range of from 
3 to 45% by weight, respectively. 
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The reasoa why the activity of the catalyst is fmproved by firing In th6 presence of H2 has not been 
elucidated yet However, it is noted that as described in Adv, Catai., Vo(. 20 page 7, when a chromium 
hydroxide is fired in N2. the amorphous state is maintained and conversion to CraOa does not occur up to 
about 470*C. 

5 On the other hand» when a cliromiurn hydroxide ?3 Hr'ed rn H2 , microcrystailization occurs In a range of 

390 to .400'C. suggesting that the presence oi H2 accelerates the crystalllzatioh. 

In fact, as described In the toilowlng Examples, chromium hydroxide prepared by precipitation from 
chromium nitrate and aqueous ammonia is fired In N2 at 400* C» crystalline CraOa is not formed, v/hereas 
* ' the fonnation of crystalline CrzO^, coincident with Eslcolatte by the powder X-ray diffraction pattern (ICDD 

19 cards, iSfifi, 3S-1478), is confirmed when fired in H2 at the same temperature. Furthermore, when the 
cataly^ precursor^, respectively prepared by fring in a N2 gas flow or a H2 gas flow at 'an identical 
temperature, are treated with HF under identical conditions/ it is confirmed that there is a tendency that the 
catalyst has a smaller fluorine content when fired In a H2 gas fipw than in a Nx gas flow. . 

h is considered that the catalyst prepared by partial fluoridation of a crystallized chromium owde is 
, IS more difficult to be fluorinated and therefore rnore active than the catalyst prepared by partial fluoridation of 
an amorphous chromium oxide. 

chromium hydroxide \s fired in an 02-contaln!ng atmosphere, the crystallization also occurs but it is a 
r^pid crystallization with a high heat generationj as called "glow phenomenon". In this rapid crystalfizatron, 
the spedfic surface area of the catalyst precursor is significantly reduced to 50 m*/g or lower. In contrast, 

20 when Hred in the presence of Kb . significant heat generation does nok occurr and the specific surface area 
of the resultant catalyst precursor is as large as that when fired in a N2 ga^ flow, as- long 'as tt Is not fired at 
an extraordinarily rapid temperature elevation rate. 

As described eibove. requiremenfs for an active catalyst (catalyst precursoiO Include crystallization to 
some extend and a iarg^ specific surface area. In other word^, the desired structure of a catalyst (catalyst 
^ precursor) is an agglomerate of m'lcrocrystalites. In a catalyst precurwr prepared by firing in the presence . 
of ri2 at 350 to .500*C in accordance with the present Invention, the atwve defeirsd structure of the catalyst 
precursor can be shown in a powder X-ray diffraction chart (hereinafter after referred to as *'XRD pattern"). 
That Is. when the catalyst precursor is chromium oxide the XRD chart exhrtxts diffraction patterns of 
. crystalline Cr^Oa and the half maximum peak widths thereof are wider tfvan those of a single crystal Cr20s 
90' due to microcrystaltine structure. Note that the half maximum peak width here is a true half maximum peak 
with A (20) derived from 'the sample and excluding the broadening of the peak by the optical sy^tehn and 
the Tike. Nevertheless, if additives other than Cr are contained in an amount oif at least the order of peteent, 
, the XRD chart may not exhibit the XITO pattern characteristic to'crystalline CrzOs depending on the type of 
. the additivas.' ft is. therefore not easy to define the catalyst precursor containing additives by the XRD 
36 pattern only. Further, the half maximum peak width depends on th^ measuring conditions and measuring 
equipment and therefore it is not easy to define the value of the half maximunrt peak width for a eddith/e- 
containing catailyst additive. Nevertheless, It .can be said that a catalyst. precursor should preferably h9ve a 
half maximum peak width 12 times or more,, more preferably 1.4 times- or more the corresponding ' half 
maximum peak width of a catalyst precursor prepared by firing the identical starting substance In an 
40 atmosphere containing O2 in an amount of 1% by volume or more at 400'C urider atmospheric pressure for 
2 hours or more. ■ . ' 

For a catalyst (catalyst precursor) exhibiting the diffraction pattern of crystalline Cr2 03, for example, a- 
preferred half maximum peak vyidth can be exemplified by a true Half maxlmam peak width tcoTrfeSP'Onding 
to (104) plane IGDD cands 38-1479) oif 0.8 degree or more, more preferably 1.0 degree or more for the 
4$ diffraction peak appearing at the spacing of lattice planes in a range of 2.65 to 2.69. The measurement of 
the h^^f maximum peak width is preferably carried out using an unit with a monochrometer under the 
conditions allowing a high angid dissolution. Such as a 1 degree/mln or less of a scanning speed and a 0.15 
mm or less of a slit width of X ray receive. It is also required that the spreading of the diffracted rays due to 
the optical system be corrected, for example, by conducting measurement of a sllioon single crystal having 
■ 50 a sufficiently large crystal size under the same conditions. 

The chronniufr>"based fluorination catalyst may be supported by a conventional supporter such as 
AI2O9. activated carbon, metal fluoride (e.o.. AlFs) or may be bonded with a binder such as graphtte. 
hfowever, if a supporter is used, the advantageous effect of the present invention is small or Is not obtained. 
The fluorinafaon catalyst of the present Invention can be applied to the fluorination of a hakpgenated 
S3 hydrocarbon having 1 to 4, particularly 1 to 2 carlaon atoms-wftfi HF. Especially, tt is particularly effective for 
the fluorination of a hydrogsn-containing halogenated hydrocarbon which is difficult to be fluorinated in the 
presence of the conventional catalyst and causes the catalyst to be deteriorated very rapidly. 
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The "hydrogen-contafning halogenated hydrocarbon" referred to In the present Invention te a haloge- 
nated hydrocarbon having H In its molecute. and exarnples thereof Include CHCI3, CH2CI2, CH2FCI, CH^C\ 
C2HCI3/ C2H2CI2, C2H3CI. C2HCI3, C2HFCU. CaHF^Cla, C2HFaCl2, C2HF4CI. C2H2CU. CzHfiFCb , 
C2H2F2CI2, C2H2r3CI, CzHsCb. CzHgFCIz, CzHaFgCI. C^H^Cb, C2H4FCI, CzHbCI. ChH^f^Oz and 
6 CaHFtCla. Further, CI in the above compounds may be entirely or oartially substituted with Br and/or L 

The fluorfnation of a hydrogen-containing halogenated hydrocarbon typically includes two types or 
steps of fluorinaftion when the hydrogen-containing halogenated hydrociartxDn has an unsaturated bond. For 
exannple. a fluorination of OCI2 ° OHCI proceeds 09 below: ' 

10 (1) CCl2 = CHCJ + 3HF- CFaCHzCi + 2HCI 

(2) CF3CH2CI + HF CFaCHzF + HCI 

In the firat etep, addition reaction of HF to an unsaturated bond and substitution of fluorine for chlorine 
IS occurs and In the aecond step only substitution reaction occurs. 

The last chlorine atom Is partiCalarly difficult to be substituted by fluorine. In the above example, the 
first fluorination reaction from CCl2=CHCI <HCCO120) to CFaCHaCI (HCFC-133a) easily occurs but the 
second or last fluorination reaction from HCFC-I33a to CFaCHzF (HFC-134a) Is difficult 

The chromium-based fluorination catalyst of the present invention is effective In both fluorinatton 
20 reactions as above, but particularly useful in the second type of fluorination since the second type of 
fluorination is difficult wi^ a conventional catalyst. 

When these hydrogen-containing, halogenated hydrocarbons are fluorlnated vk^fth HF, the catalyst 
according to th© present invenb'on can provide Intended compounds in a higher yield than the conventionaJ 
fluorination catalyst. Further, It heis the effect of providing a predetermined yield at a low reaction 
£s temperature, which contribute to proiongacron fn catalyst life. 

The catalyst according to the present Invention is etfective particularly in the fluorination of CHjCb, 
CH2FCI. CHCi=»CCl2 (trichloroethylene). CF0CH2CI (HCFC-133a), ■ CCl2 = CCi2 (perChlort)ethylene). 
CFflCHCfe (HCFC-123) and CFsCHFCI (HCFC-lfe4). which fluorination is considered to be a synthetic route 
in the production of CHaF2 (HFC-32). CHaFCFi (HFC-I34a) and CHF2CF<j (Hi=0-125) whiCh hav^ recently 
so drawn attractive attention as alternative flons having no rfsk of the ozbnosphere being degraded. 

The fluorination reaction may be camed out by fixed bed^ fluidlzed bed, moving bed and other reaction 
methods. However, the fixed bed reaction method is generally adopted. Proper reaction conditions vary 
depending upon the reaction. In general, however, the fluorination reaction may be carried out under 
conditions of a moiar ratio of HF to halogenated hydrocarbon in the range off 0.5 to 20, a ternperature In the 
ss renge from 200 to 400*0, a pressure in the range from atmospheric pressure to 20 kg/cm^G (gauge 
pressure) and a S.V. valge in the range from 50 to 100000 h~^. 

EXAMPLES 

4Q The present Invention will now be described In more detail with reference to the following exampies and 
comparative examples, though it Is, of course, not limited to these examples only. 

In the following examples and comparative examples, the composition of the catalyst is expressed in % 
by weight of each element contained In the catalyst determined by a chemical analysis. In the reaction 
examples, the molar ratio in the reaction examples is the molar ratio of HF to halogenated hydrocarbon, 

43 S.V. is a value converted to a Standard condltionr and the pressure is a gauge pressure. 

(Catalyst Preparation Example 1) 

A solution of 480 g of .Cr(IN03)s.9H20 dissolved in 1.2 Itters of pure water and 0.3 liter of 28 WL% 
50 aqueous ammonia were added dropwise. with stirring, to a lO-liter vessel containing 600 ml of pure water 
over a period of at)out one hr while contn^ning the flow rates of the two aqueous 90lutlond so as tor the pH 
of the reaction mixture to be maintained in the range of from 7.5 to 6.5. The resultant hydroxide slurry was 
filtered, and the collected precipitate was thoroughly washed with pure water and dried at 110 -C. The 
valency of Cr contained In the precipitate after drying was measured by polarography. As a result, it was 
55 found that at least 9B% of Cr had a valency of 3. 

Further, the weight loss on Ignition to 600 "C was 26%. Therefore, the chromium hydroxide can bQ 
represented by the chemical formula Cr2 03*3H20. The solid matter thus obtained was pulverized and 
mixed with- graphite, and the mixture was pelletrzed by means of a pelletizer. 60 ml of the pellet was packed 
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into a glass firing' tube and fired In a H2 gas stream containing 3 voL% water vapot* &t 400 'C for 4 hr, 
thereby preparing a precursor of a catalyst 

An XRD pattern of this precursor is shown In Fig. 1. From Fig. 1, ir is apparent that crystBlline Cr203 Is 
grown. In the X-ray powder diffractometry, a CuKit line was u^ed &9 the X-ray source. The peaks 

s appearing at 2d « 26^ • and 54.7 - are derived from graphite added at the time 0I molding. 

. . 40 ml of the precursor was packed into an Inconel reaction tube and subjected lo fluorination first In a 
20 vol.% HF gas stream diluted with N2 at 350 'C urider atmospheric pressme. then In a 100% HF gas 
stream not diluted with N2 at 350 under atmospheric pressure and finally in a 100% HP gas stream 
under an increased pressure of 3 kg/cm^G. Thq composition of the pellet after the treatment was as follows. 

w Cr. 80.1%, O: 20.8%, F: 16.5% 

(Ostalyat Preparation Example 2) 

60 ml of a dried pellet prepared in the same manner as in Example 1 for the preparation of a cataJyst 
75 was packed into a glass firing tube and fired first in a N2 gas stream at 350 ' C for 2 hr and then a Ha gas 
strfeam at 400 ' C for 4 hr, thereby preparing a precursor of a catalyst. The XRP pattern of the precursor has 
. revealed that crystallirie CfzOa was grown* • * * • . 

Further, the precursor was fluorinated In the eama rhanner as in Catalyst Preparation Example 1. The 
composition of the pellet after the treatment was as follows. 
5d Cr: eo.0%, O: 20.6%. F: 16.7% 

(Comparative Catalyst Preparation Example 1) 

eo ml of a dried pellet prepared I'n the same manner as In Catalyst Preparation Example n was packed 
ss into a giass firing tube and fired in a gas stream at 400 * C for 4 hr, ther^y preparing a precursor of ^ 
catalyst. 

. The XRD pattern of the precursor is shown In Fig. 2. From the draw(hg» it Is apparent that no crystalline 
compound Is present. 

Further, sthe precursor was fluorinated in the same manner as. In Catalyst Preparation Example 1. The 
30 composition of the pellet after the treatment was. as* follows. * * 

Cr: 57.8%, 6: 17-3%. Fr 22.2% * ' ' * * , . 

It is apparent that although the fluorination was canrled out under the same conditiond'as those used In ' 
Catalyst Preparation Example 1 . the O content Is lower and the F content Is higher. • 

35 (Catalyst Preparation Example 3) 

420 g of Cr(N0a)3 •9H2O and 5 liters of pure water were placed in a 20-riter iBacUon vessel to prar^are 
an aqueous Cr solution. 625 g of .10% aqueous ammonia was added dropwise to the aqueous Cr solution 
with vigorous stirring for a perfod of 3 min. A precursor was prepared In the same manner as in Catalyst 
40 Preparation Exampie 1. except that the resultant hydroxide sluny was used. The XRD pattern of the. 
precursor has revested that crystalline CraO^ was grown. ' ' 

The half maximum peak width of this precursor in a range of 2^ = 32 to 35" was measured under the 
following conditions. Fig. 3 ^hows the resuhs. The obtained half maximum pealc width was 1.2*. Thus vaicie ' 
was obtained after correcting with a value of 0.12' which was derived from the spreading of the X rays due 
^5 to the optical system in the measuring apparatus and which was obtained from tiia rfesults of measurement 
on a single crystal silicone. 

The specific surface area of the precursor was afso measured to be 210 m^/g. 

The condltionis for rheaaurirrg the half maximum peak with: 

50 
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Measuring dpparatu^: 


Rigaku X ray diffraction apparatus' RAD-B 


Output of X rays: 


50 kV-lSO mA 


Spreacnng slit: 


1.0" 


Scattering slit: 


0.5* 


Ray receiving silt 


0.1 5 tnm 


Scanning speed: 


1 '/m\n ^) 


Step: 


0.002' 


Measuring mode: 


9-20 



70 

40 ml Of the prec^ursor was packed ihto an inconel reaction tUbe and subjected to fluorination under 
atmospheric pressure first in a 20 vol.% HF gas stream diluted with Na at 360 'C and tlien in a 100% HF 
gas stream not diluted with N2 at 380 *C. The composition of the pellet after the treatment was as follows. 

Cr: 62.3%. O: 24.4%, F: 10.3% 

(Comparative Catalyst Preparation Example 2) 

60 ml of a dried pellet prepared In the same manner as In Catalyst Preparation Example 3 was packed 
into a glass firing tube and heated in a N2 -diluted air stream (Oz concentration of 2% by volume) under 
atmospheric pressure with the temperature beirfg raised: When the temperature outside the tube reached 
around 370*C, the temperature Inside the tube suddenly elevated up to about 450*C. After a few minutes, 
the temperature inside the tube became ^the temperature almost equal io that outside the tube. After the 
temperature reached 400*C. that temperature was kept tor 4. hours. 

The half maximum peak width of the precursor was measured in the same matter as in Catalyst 
as Preparation Example 3. 

The result is shown In i^g. 4. The half maximum peak width of the precursor was 0.7". 

The specific surface area of the precursor was Treasured to be 38 m=/g. 

It Is seen when compared the results in Catalyst Preparation Bcample 3, that the precursor fried in air 
had a wider half maximum peak width and larger specific surface area ihan the precursor fired in IH2. 

(Catalyst Preparation Example 4) 

40 ml of a precursor prepared in the same manner as in Catalyst Preparation Example 1 was packed 
into an inconel reaction tube and subjected to fluorinatfon under atmospheric pressure first In a flon-13 
S5 (CFaCI) gas stream diluted with N2 at 350 *C and then In a 100% flon-13 ga^ stream at 350^0. The 
cbmposition cf the pellet after the treatment was as follows. 

On 60.4%. 0: 23.7%, F: aa%, CI: 3.1% 

(Catalyst Preparation Example S) 

40 

A precursor of a catalyst was prepared in the same manner as in Catalyst Preparation Example 1, 
except that the amount of Cr(NOg)3*9HzO was reduced from 480 g to 432 g and 36 g of Zn(N0s)z'6H20 
was additlonany used. 

The precursor was fluorinated in the same manner as In Catalyst Preparation Example 1. 

45 

(Catalyst Preparation Example 3) 

A precursor of a catalyst was prepared In the same manner as In Catalyst Preparation Example 1, 
except that me amount of Cr(N03)3 »9H20 was reduced from 4B0 9 to 432 g and 32 g of Cd(Kl03)2-4H20 
so was additionally used. 

The precursor was fluortnated In the same manner as In Catalyst Preparation Example 1. 

(Catalyst Preparation Example 7) 

55 A precursor of a catalyst was prepared In the same manner as in Catatyst Preparation Example 1, 
except that the amount of Cr(N03)a^9H20 was reduced from 480 g tc 432 g and 6 9 of Cu(N0g)2 -3^120 
was additionally used. 

The precursor was fluorinated in the same manner as in Catalyst Preparation &(ampte 1. 
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(Example 8 for Preparation of Catalyst) 



A precursor of a catalyst was prepared In the san^e manner as in Catalyst Preparation Example 1, 
except that the amount of Cr(NO»)3*9H20 was reduced from 480 g to 432 g and 9 g of AgNOa was 
9 addttionally used. 

The precursor was Tluorinated in the same manner as In Catalyst Preparation Example 1. 
(Example 9 for Preparation of Catalyst) 

70 A precursor of a catalyst was prepared in the same manner as in Catalyst Preparation Example 1 , 
exce^^t that the amount of Cr(N03)a-9HzO was reduoed from 4fiO g to 432 g and 9 g of Pb(NQ3)2 was 
edditrbnally used. 

The precufsor was ftuorlnated In the same manner as In Catalyst' Prepai'ation Exampler 1/- 
IS (Fluorination Reaction Example 1) 

30 ml of the catalyst prepared in Catalyst Prepai^tion Example 1 was packed Into an Inconet reaction 
tube, and a fluorinaHon reacHqn of trlchloro'ethylene with HP vvas c^ed out under the following reaction 
conditions, • . . . ' ' .... 

20 A gas emerging from an outlet.of the reaction tube was blown into a trap comprising two phases of an 
aqueous alkali solution and toluene to rfemove HF remaining unrea'cted and the formed HCI, and compo- 
nents extracted into toluene were analyzed by gas chromalography; The results are given in Table 1. 

Temperature: 210 * C, pressure: aitmospherte pressure, • . • 

moiar ratio: 15. S.V.r 1000 h"^ . 

(Cdmparative Plubrlnafion Reaction Example 1) 

A fluorination reaction of tichlordethylerie was carried out In the sarhe manner as in Ruorination 
Reaction Example 1, except that the catalyst preipared In Comparative Catalyst Preparation Example 1 was 
* so ' uped. The results are also given in Table 1 . 

' • Table 1 



Results of fluorination reaction of trichioraethylene 




Conversion ot 


Selectivity to 133a (%) 


Selectivity to 134a (%) 




TCE (%> 






Reacdqn Example i 


80.2 ' 


95.3 


' 1.0 


Comparative Reaction Example -1 


66.3 


70.6 


0.3 



In the tablej Conversion of TCE,' Selectivity to.'l33a arid 'Selectivity to ia4e are respectlveiy the 
conversion of trichloroethylene. the selectivfty to HCFC-133b and the selectivity to HFC-i34a. 

45 (Fluorination Reaction Example 2) 

30 mi of the catalyst prepared in Catalyst Preparation Example I was packed into an inconel reaction 
, tube» and a fluorination reaction of HCFC-I33a with HF was carried out under the following reaction 
conditions. * * 

$Q A gas ©merging from an outlet of the reaction tube was blown Into an alkali trap to remove HF 
remaining unreacted and the formed HCI, and the gas composition was analyzed by gas chromatography. 
The results are given In Table 2. 

Temperature: 320 ' C, pressure: 2 kg/crri^G. molar 
ratio: 6. S.V.: 1500 h-^ 

56 
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(FluorlnaHon Reaction Dcampla 3) 

A fluorlnatlon reaction of HCFC-133a was carried out in the same'manner as In Fluorlnaflon Reaction 
Example 2. except that 30 m! of the caialy^t prepared rn Catalyst Preparation Example 2 was used. The 
$ results ana al&o gfven in Table 2. 

(Comparative Fluorination Fleaction Example 2) 

A fludrination reaction of hCFC-133a was carried out In the same manner as in Fluorination Reaction 
10 Example 2, except that the catalyst prepai ed fn Comparative Catalyst Proparatron Esxample 1 was used. The 
reeuits are also gfven In Table 2, In the table. Yield of 134© and Setecfivfty to 134fl are rdBpectively the 
yield of HCFC-1 34a and the .selectivity to HCFC-l 34e. 



Table 2 

f5 



(Results of fluorination reaction of HCFC-1 33a' 




Reaction temp. { ' 0) 


Yield of 134a (%) 


Selectivity to 134a (%) 


Reaction Example 2 


320 


19.0 


99.4 


Reaction Example 3 


320 


19.1 


99.3 


Comparative Reaction Example 2 


320 


16.9. 


• 99^ 



2S (Ruorlnatlon Reaction Example 4) 

A fluorination reaction of HCFC-1 33a was carried out in the same manner as in f^onnation Reaction 
Example 2. except that 30 mi oi the catalyst prepared in Catalyst Preparation Example 3 was used and the 
reaction ternperature was 325 ' C. The results are given in Tabfo 3. 
aa . . ' • 

(Ruorination Reaction Example 5) 

A fluorination reaction of HCFC-1 33a was canried out In the same manner as In Fliiorination Reaction 
Example 2^ except that 30 ml of the catalyst prepared in Catalyst Preparation Example 4 was used end the 
35 reaction temperature was 325 ' C. The results are given In Teble 3. 

{Fluorination Reaction Example 6) 

30 ml of the precursor of a catalyst prepared in Catalyst Preparation Example 1 was packed into an 
40 Inconel reaction tube, and a fluorination reaction of HCFC-l 33a with HF was Initiated under the following 
reaction conditions, without practicing fluorination of the precursor with HF, Tha gas composition was 
analyzed In the same manner as in Fluorination Reaction Example 2. 

Temperature: 320 • C, pressure: atmospheric pressure. 

molar retio: 8. S.V,: 15D0 h"' 
45 Immediately after the Initiation of the reaction, a AT of atx>ut 50 'C occurred (n the catalyst bed» and 
after that, the generation of heat was gradually reduced. When 1D min has lapsed after the initiation of the 
reaction, substantially no HFC-134a was fomned. However, when 3 hr has lapsed after the Initiation of the 
reaction, HFOia4a was fonr»ed in a yield of 5%. 

50 (Fluorination Reaction Examples 7 to 11) 

A fluorination reaction of HCF0-133a was carried out In the same manner as In Fluorination Reaction 
Example 2, except that 30 mi of the catalysts prepared in Catalyst Preparation Bcamples 3 to 9 were used 
and the reaction temperature was 315 ' C. The results are gfven In Table 3. 
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Tables 



Re«urts of ftuorination reaction of HCFC-1 33a 




Reaction Tern, (*C) or Catalyst 


Yield of 134a (%) 


Selectivity to 134a (%) 


R^dCrtldn Example 4 


325 


19.8 


99.3 • 


Rgactlon Example 5 


325 


17-0 


99.0 


Re^on Example 7 


Preparation Exampte 5 


17.8 


99.4 


Raatition' Example B 


Preparation Example 6 


1B^ 


89.4 


. Reaction Example 9 


Preparation Example 7 


T4,5 


■ 99.2 ■ 


Reaction Example 10 


Preparation Example 8 


• 16.5 


. 99.2 


Reaction Example 1 1 


Preparation Example 9 


15.8 


99.2' 



ts In the table, Yield of 1 34a. and Selectivity to 134a are respectively ttie yield of HF0134a and the 
• saleetivlty to HFC-l 34a. 

(Ruorinatjon 'Reaction Example 12) 

2D 30 mf of the catalyst prepared In Catalyst Preparation Example 1 Was packed Into an tnconel reaction' 
tube, and a fluorinaiion reaction of dichtorom ethane with HF was carried* out under the following reaction 
co/idilions" A gas emerging from the outlet Of the reaction tube is blown Into a heated alkali trap to remove 
.HF remaining unreacted and the formed HQl. and the gea composition wsa analyzed by gas chromatog*. 
raphy, 

2S Temperature: 200 • C. pressure: atmospheric pressure, 
molar ratio: 6, S.V.: 2000 h"^ 

41% of dichloromethane rerviained unreacted, and the yields of major ptadueAs were as fbliows. 
HFC-32:*50%. HCFC-31:8% ^ 

so (fnuo'rination Reaction Example 13) 

30 ml of the catalyst prepared In Catalyst Preparation Example 1 was packed Into an irtconel reaction 
tJbB, and a fluorination reaction of perchlDroethyiene with HF was carried out under the following reaction 
condHions. A gas emerging from the outlet 'of the resiction tube was blown into a trap comprising two 
SB phsfie$ of an aqueoue alkaH solution and toluene to remove l-tP remaining unreacted and the forrh'ed HCi;' 
and components extracted Into toluene we're analyzed by gas chromatography. 

Temperature: 340 * C, pressure: atmpephenc pressure,. 

molar ratio: 5. S.V^- 1 000 h*"^ 

30% of perchloroethyiene remained unreacted, and the yields of major products were as follows. 
. HFC-125: 5.6%, HCFC-124: 15.5%. HCFC-1.23: 38^% 

The ftuon nelson catalyst prepared by the procesa for producing a catalyst according to the present 
invention has a high activity end, in d fluonnation reaction of a halogenated hydrocarbon with HF, enables a 
desired product to be produced in a high yield. Further^ It becomes possible to cany out the reaction at a 
low temperature, Which results in a prolonged catalyst life. 

46 ' 

daime 

1. A process for producing a chromium^baded fluorination catalyet. characterised by the step of firing a 
. Substance composed mainly of a ctiromium (III) hydroxide In the presense of hydrogen at a tempera- 

50 ture of 350 to 500 • C. 

2. A process according to claim i> wherein prior to said step of firing, said substance Is heat treated in an 
Inert gas at a temperature of 1 00 to 600 * C. 

55 3. A process according to claim 1 or 2, wherein said fired substance is then partially fluorinated. 

4. A process according to claim 3, wherein said partial fluorination is carried out in a gas -ffow containing 
hydn:>gen fluoride at a temperature of 300 to 500* C. 
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5. A process according to any one of claims 1 to 4, wherein 9Bid substance lurther contains at least one 
elememt selected from the group consisting of cobalt nickel, copper, silver, zinc, cadmium, mercury, 
aluminum, gallium, tin and lead. 

5 e» A chromium-based fluorinatlon catalyst or catalyst precursor in which said catalyst or catalyst precursor 
is prepared In accordance with a process as In claim 1, the X ray diffraction of said catalyst or catalyst 
precursor exhibits diffraction peaks having a half maximum peak width 1^ times or more a half 
maximum peak width of a material obtained by firing an identical starting substance as that of said 
catalyst or catalyst precursor In the presence of oxygen fn an amount of at least 1% by volume at 

TO 400'C under atmospheric pressure for 2 hours or more. 

7, A chromiLim-basad fluorinatlon catalyst or catalyst precursor, in which th© X-ray diffraction exhibHa 
dlFf ruction pealcs characterietic to crystalline Cr20a, said diffraction peaks inducing a peak appearing at 
a spacing of lattice planes in a range of 2.65 to 2.60, said peak having a half maximum peak width of 
IS 0.B degree or more. 

8» A chromium-based fluorinatlon catalyst or catalyst precursor, according to olalm 6 or 7, wherein said 
catalyst or catalyst precursor contains at least one element selected from the group consisting of the 
elements In the groups 8 to 14 of the Long Periodic Table in an amount of O-OOl to 6-5 in the atomic 
20 ratio to Cr. 

9. A process for fluorfnating a hslogenated hydrocarbon, characterized by comprising the step of bringing 
a haldgenated hydrocarbon having 1 to 4 carbon atoms Into contact with hydn>gen fluoride in a 
gaseous phase in the presenae of a chromium-based fluorinatlon catalyst prepared In accordance with 

26 a process as set forth in any one of cfaime 1 to 5. 

1 0. A process according to claim 9, wherein said cstalyst is as set forth in any one of the claims B to 8. 

11. A process according to any one of claims 9 or 10, wherein said halogenated hydrocarbon is a 
90 hydrogen-containing halogenated hydrocarbon. 

IS. A process according to any one of claims 9 or 10, wherein said halogenated hydrocarbon is selected 
from the group consisting of CHzCb, CH2FCI, CHCI = CCb, CFaCM2Cl. CCfe^CCl?, CFaCHClg and 
CFaCHFa 

3S' 

13. A process according to claim 12, to produce any of CH9F1, CH2FCF4 and CHF2CF9. 



40 



4S 



so 



BS 
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© Chronnium-based fluorination cataly^rt, prooess for producing the catalysl; and fluormatlon process 
using the catalyst 



(g) A haiogenatetl hydrocarbon having 1 to 4 carbon 

atoms is brought into contact with hydrogen fluoride 
^ in a gaseous phase In lh© presence qf a 'catalyst 
^ prepared by firing a subst&nce composed mainly of 
00 chrDmlum(lll) hydroxide in the presence of hydrogen 
'S ^ temperature of 350 to 500 -C or a catalyst 

prepared by heati-treating the above substance In an 
^ Inert gas stream at a temperature of 100 to 500 *C 
5 ^cl then firing the heat-treated compound In the 

presence of hydrogen at the above temperature or 
O any one of catalysts prepared by partially fluorinal- 

ing the above catalysts. 
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